INTRODUCTION
The most common types of cooling and lubricating fluids can be classified in four groups:  pure oils for cutting and deforming (mineral oils, greasy oils and oil mixtures),  dissolved oils (e.g. water emulsions of mineral oils),  synthetic and semi-synthetic fluids and  gas fluids (air under pressure, emulsion or oil fog, carbon-dioxide (CO2), argon (Ar) and nitrogen (N2).
Pure oils are the oldest class of cooling and lubricating fluids and they contain the highest level of mineral or vegetable oil. They provide excellent lubrication and good corrosion control. Pure oils are available in different forms based partially on their viscosity. Pure oils of lower viscosity are used for whetting and polishing, whereas pure oils of higher viscosity are used in the heavy metalworking.
Dissolved or emulsifying oils are most commonly used metalworking fluids. They represent a combination of 30-85 % of refined mineral oils and emulsifiers (the dominant one is sodium sulfonate) which enable the dispersion of oil into water. In order to improve their performances, these fluids contain other additives. Dissolved oils enable good lubrication as well as improved cooling compared to pure oils. On the other hand, dissolved oils sometimes have low corrosion control and can "smoke", while emulsions can be unstable or short term. It should be pointed out that there is a difference between "regular" dissolved oils which do not contain any or contain a few additives to improve their characteristics and "special" dissolved long-term oils with excellent performances in metalworking [1] .
Figure 1. Metalworking fluids

Physical and chemical properties of metalworking fluids
The quality of metalworking fluids depends on the chemical and physical properties of mineral oil, oil concentration in emulsion, oil stability and water emulsion stability.
The appearance of emulsion is influenced by the size of dispersed particles and the way of their distribution. The size of particles is from 0.1-1.0 m. The higher the size of the particles, the less clear the emulsion is, whereas with particles bigger than 1,0 m it becomes creamy-colloid.
The density of water emulsions of mineral oils in normal temperatures is close to the density of water.
The viscosity is the most important individual property of metalworking fluids. Its significance decreases if the fluid is diluted by water before use.
Most metalworking fluids are bases and their pH value is between 8.0 and 9.5. The common reason for pH decrease is microbiological increase, which leads to the formation of acids. Keeping pH level at 8.8 or higher is an efficient way of controlling bacterial increase.
A metalworking fluid may contain acids or bases, and these compounds can be formed by degrading certain components during usage. Alkalinity can increase during the ageing period of the metalworking fluid, because it not very likely for the alkaline components to be separated by secondary oil, carbonates from water or other contaminants.
By measuring conductivity the information about the presence of all ions is obtained. Conductivity increases during the application until a saturated solution has been reached. After that, conductivity remains constant since the "excess" of non-organic ions is lost through precipitation, whereas the excess of organic ions is transformed from water to oil phase through adding enormous amounts of non-organic salts. When this ion loss occurs, the performances of the metalworking fluid worsen, so that the emulsion may become unstable.
The foaming of metalworking fluids can lead to high operative costs due to liquid loss, shortening of working time of pumps due to cavitation and decreasing cooling and lubricating properties on the surface of the tools. The factors influencing the intensity of foaming during the cutting and grinding processes are: water hardness, the composition of water emulsion, the reaction of emulsion components over time etc.
It is very important to control the concentration of mineral oil in water emulsion. All water emulsions of mineral oil react usually problem-free when the ratio of mixing mineral oil with water is defined. Corrosion, microbiological increase and emulsion instability can occur when oil concentration is smaller, while high oil concentration can result in foaming and skin irritation.
Knowing the emulsion instability represents a crucial factor which enables decomposition (treatment) of waste emulsions. Instability of emulsions is reflected in three ways: by forming creams, inversion and demulsifying (separating emulsion). The formation of creams represents decomposition of emulsion into two layers due to coagulation and creation of aggregates (flocculation) in the presence of electrolytes. Inversion is reflected through the transfer of one type of emulsion (oil in water) into the opposite one (water in oil) due to high heating accompanied by constant and intensive stirring. Demulsifying is a process of complete decomposition of emulsion, which can be followed by the creation of cream or inversion due to elevated temperatures, low or high amount of emulsifiers and presence of a larger number of bivalent cations [2] .
Wastewaters in the metalworking
Water emulsions used in the metalworking must satisfy not only high criteria of the industry regarding heat exchange (cooling) and lubrication, but also the criteria regarding working and living environment. Out of the overall amount of waste fluids in the metalworking, 28 % disappears in nature without control. The largest part of these waste fluids is water emulsions, which account for 20 % of used industrial metalworking fluids. After use, enormous amounts of these emulsions remain unprocessed and as such enter the waterways [3] .
Reduction, or possibly a complete removal, of harmful effects of water emulsions on the environment can be achieved in different ways such as: development and application of new water environmentally safe emulsions, oil recycling and treatment of waste oil-inwater emulsions before disposal. By using semisynthetic and synthetic fluids "oil fogs" in the workshop and danger of fire have been eliminated. Despite these benefits, there is a concern about the environment even when using synthetic fluids. From the point of view of waste treatment, many synthetic fluids are not compatible with the operations of treatment of wastewaters which are designed to work with the metalworking fluids with mineral oils. Regardless of the performances and efficiency of these operations, complex soluble organic compounds, which comprise synthetic fluids, go through the process of wastewater treatment. This results in the additional treatment on the spot, otherwise the treated wastewater will contain complex organic substances which will negatively affect further treatment processes. New lubricating fluids, harmless for the environment, should meet the following requirements: to provide maximum protection of water, air and soil, to minimally influence the health of people, animals and plants, as well as to ensure a safe technological procedure and easy treatment of the used processing fluids. It is necessary to make efforts so as to reduce the release of the used metalworking fluids from production workshops with a view to decreasing their negative effect on the environment. If recycling is not possible or is not justified from the finacial point of view, wastewaters must be treated in a suitable way so that they could be poured into the sewage system or waterways. 
Treatment of wastewaters in the metalworking
The procedures of treatment of water emulsions obtained in the metalworking can be: physical, chemical and biological, whereas according to the level of gradation they can be primary, secondary and tertiary.
The primary treatment of waste oil-in-water emulsion is used for the separation of floating or free and non-emulgated oils as well as balancing the course of wastewater and oil concentration. What is used here for their separation in the field of gravity is the difference in oil and grease density in relation to water. The most commonly used devices in this treatment are gravitational separators. The treatment usually involves retaining oil waste in the separator, which is then removed (skimmed) from the water surface using a sutable device ("skimmer"). The efficiency of a gravitational separator depends on the correct hydraulic design of the projected period of water retention. A short period of retention, less than 20 minutes, results in oil and water separation of less than 50 %, whereas longer periods improve the separation of oil from water. Gravitational separators are equally efficient in the elimination of grease and non-emulgated oils.
In the phase of secondary treatment of waste emulsion oil-water, which was subjected to the primary treatment first, what happens first is the decomposition followed by the separation of oil and water phase. The removal of emulgated oil and a big fraction of dissolved oil is achieved in the phase of secondary treatment. Emulsions can be decomposed by means of chemical, electrical and physical methods. Electrical methods are usually used if the emulsion is with low water content. Physical methods are heating, centrifugation and filtration.
A chemical treatment of used water emulsions is based on the decomposition of emulsion into oil and water phase using electrolytes. Acids, salts and organic compounds (polyelectrolytes) are used as decomposing fluids. The essence of this procedure is to neutralise the effect of the emulgator or its decomposition. The procedure consists of three phases:  coagulation, which involves adding the chemicals to waste water, accompanied by intensive stirring,  flocculation, which involves the growth of the particles ("floccules"), accompanied by moderate stirring and  separation of the phases by flotation or sedimentation.
Coagulation consists of the decomposition of water emulsions. In this process, under the influence of certain reagents, the neutralisation of the effects of the emulgators in the emulsion occurs and the stability of the colloid particles is affected. The stability of emulsion is the result of the protective effects of certain absorbed components as well as mutual repulsion of the particles under the influence of electrostatic forces. In natural water, colloid particles are always negatively electrically charged, which is often the case with the colloids of wastewaters [4] . In the coagulation process, by adding oppositely charged ions, the electricity of the colloid particle decreases (Z-potential), which leads to the creation of agglomerate. This process is the result of the bačance disturbance in the balance ocurring by adding chemical reagents which undo the effects of the repulsion forces or influence the hydrophility of the colloid particles by aggregational or adsorptional mechanisms. Intensive stirring of the system and adding substances, so called coagulants, improves the process. Coagulants are chemical compounds which cause destabilisation and sedimentation of colloid particles in the system by neutralising them. Two primary roles of coagulants are the stabilisation of particles and strengthening of floccules. Flocculation happens immediately after the coagulation process and provides the increase in the number of contacts between coagulated particles suspended in water by means of gentle and long stirring so as to prevent the formed aggregates from breaking and decomposing. The floccules created by aggregating particles between which a successful collision occurred will more easily and more successfully grow if the following is provided:  establishing the contact between water and formed sediment, which increases the concentration of floccules in water and, therefore, the possibility of successful collisions,  homogenous and gentle stirring of the whole mixture so as to increase the possibility of colloid particles, free of electricity, meeting a floccule and  using flocculants.
Flocculants are additional flocculating fluids used as the basis on which floccules grow, enhancing in this way the speed of their sedimentation. Flocculants affect the speed of the creation process and the quality of floccules, which are characterised by a bigger volume, bigger hardness and consistency. They are usually organic, but there is a number of them which are not organic such as sodium-silicat. They can be natural (sodium-alginate) and synthetic, which are considered to be the most effective polymers. When conducting a flocculation procedure, pH values and temperature which determine the reaction of the flocculants should be monitored.
A chemical treatment is usually performed in a batch reactor and involves determination of necessary doses of chemicals for each batch in laboratory conditions [5] .
Oil-water emulsions can be decomposed by acidifying, adding sulphur acid. By adding a strong acid, carboxylate ions of the emulgator are transferred into non-ionised form, after which agglomeration of oil drops occurs. The advantage of this procedure is that oil is separated in pure form so it can be burnt or mixed with fuel oil and used as energetic fluid. Generally, acids separate emulsions more efficiently than coagulation salts, but are more expensive and the acid wastewater obtained in the process must be neutralised after the separation of oil and water. The necessary pH value for acid deemulgation depends on the type of waste. Adding a non-organic coagulant, such as aluminium (III)-sulfate, instead of or after adding the acid, facilitates the agglomeration of oil drops. Efficient emulgators are also organic compounds of polyamine type. Decomposition of oil-water emulsions using organic deemulgators is common with lower doses, where a smaller amount of sediment is formed. . Deemulgation or flocculation are improved by adding polymers. The drawback of the procedure with coagulation salts is the formation of hydroxide sedimentation, which appears as solid waste and is difficult to dehydrate. Adding great amounts of non-organic salts can create an additional problem of pollution due to a significant increase of salts in the effluent. Organic deemulgators are extremely efficient deemulgating reagents, but due to their high price are considered to be impractical in big flow and low oil concentration.
Within the chemical treatment of waste oil-in-water emulsion, physical-chemical procedures using the combination of decomposing and adsorbing materials can be applied. Adsorbing materials used are: silicic acid, active bentonites and clay flour. Because of its big surface and oleophilic character, silicic acid absorbs a big amount of oil. The remaining oil amount in this procedure is less than 20 mg/dm 3 . Wastewater contains little amount of salts and does not need to be neutralised. The oil separated on filters is destroyed by burning. This way of separation is not economical and is used for small amounts of emulsions. Another type of adsorption is done by using bentonite and adding polyacrylamid (a macromolecule which connects floccules) to facilitate the separation. Electrochemical decomposition includes subjecting emulsion to the process of electrolysis and is usually applied in emulsions which contain mostly oil, with small amounts of water. Electroflotation and electrocoagulation use electricity for destabilisation of oil in wastewater.
Physical treatment involves evaporation and mechanical procedures.
Evaporation is becoming more and more significant because it can be used for the treatment of all kinds of emulsions (no chemicals are necessary; the obtained wastewater can be used or poured). During the evaporation process we should take care that easily vaporable carbo-hydrogen and emulgator parts do not go away. That is why additional devices for treatment are attached to the evaporators. Due to high level of energy consumption, the process is carried out in several evaporators or in the vacuum.
Mechanical treatment is based on the physical properties of the substances which are dissolved in water. Mechanical treatment includes: sedimentation, flotation, filtration, ultrafiltration, centrifugation and using ultrasound.
Sedimentation is the oldest and most widely used procedure of wastewater treatment primarily because of its low costs and low level of energy consumption. It is based on the separation of diluted suspension into pure liquid and thickened suspension with higher concentration of solid phase. In order to define more clearly different properties of water systems, particles that can be found in water can be classified into three groups:  rigid particles, in relatively low concentration do not flocculate and sediment independently of each other,  flocculated particles, created through natural agglomeration or due to the presence of coagulants, and present in relatively low concentration and  more or less flocculated particles, present in high concentration.
Depending on the concentration of the solid phase, sedimentation can be diffusive or hydraulically decelerated sedimentation. In low concentration of the solid phase, a flocculated particle is sedimented as if it was alone, but its sedimentation speed grows with the increase in its dimensions due to agglomeration (diffusive or free sedimentation). In higher concentrations, due to a larger number of floccules, compacted sedimentation occurs and it is characterized by a prominent contact surface between the oil sediment and the liquid above it (hydraulically decelerated sedimentation). Filtration through the cake involves retaining solid particles from suspension (usually with solid phase content higher than 1 % vol.) on the filtration medium, on which a filtration cake is formed, while the liquid (filtrate) goes through the filtration medium. The filtration cake that has been created serves as a filtration medium. Filtration through the medium represents the separation of solid particles from suspension (about up to 0.1 % vol.) using the filtration medium, without the formation of a filtration cake..
Adding coal as an adsorbent in the process of waste oilin-water emulsion treatment and its subsequent removal through the filtration process enable economical and highly efficient separation of oil from wastewaters [6] .
Biological treatment. After the mechanical and chemical treatment, biological treatment of waste oilin-water emulsion, which is considered as the tertiary type of treatment, can be applied. This treatment is based on the basic biological processes in nature. Independent of human influence, the decrease or disappearance of polluting substances occurs in waters as a result of physical, chemical and biological actions. Esentially, the processes in treatment devices represent just a simulation of natural processes [7] . Biological wastewater treatments are:  processes using active sludge,  processes of biological filtration and  processes in lakes and lagoons.
In these processes, polar biodegradable oils and grease are removed up to the level of 2-8 mg/dm 3 in the treated wastewater, whereas non-polar oils and grease are removed through primary clarification or are incorporated in biological floccules.
Biological wastewater treatment is based on certain basic principles:  active sludge population consists of different microrganisms from the natural environment whose growth and development do not happen in optimal physiological conditions,  the substrate is wastewater whose chemical composition and other characteristics can be very different,  the substrate concentration is usually low in relation to the values for the growth of microorganisms and  the process is directed at decomposition of organic substances, which are difficult to remove in a chemical or mechanical way, such as fatty acids and amines, and not at creating a biomass or using the products of metabolism.
The most important engineering problems in the biological treatment of wastewaters deal with providing a big contact surface and efficient dissolving of oxygen. Besides this, significant problems are connected with particle flocculation and sedimentation of microrganisms. The application of membrane processes, ultrafiltration, reverse osmosis and electrodialysis does not only enable the regeneration of toxic metals, but also produces the high quality effluent which can be recycled in the technological process of galvanisation. In this way, through the application of the tertiary treatment preceeded by quality pre-treatment, the efficiency of the technological process increases and the demands of pure technologies are met. If a classical wastewater treatment is used, secondary environment pollution occurs in the form of sludge, which can be destabilised through chemical transformations into ecofriendly products [8] [9] [10] [11] [12] .
CONCLUSION
Based on the physical-chemical properties of cooling and lubricating fluids used in metalworking, the paper provides an overview of treatments of waste oil-inwater emulsions by means of conventional systems. Since these systems cause secondary environmental pollution, we should use block schemes for unconventional systems such as ultrafiltration, reverse osmosis and electro dialysis, if it is financially justified. If these systems are used, we could meet the demands of pure technologies, with 99.9 % efficiency, and the incoming elements could be recirculated.
